Parameters of iron uptake have been determined for blade tissue of Macrocystis pyrifera (L.) C. Ag. These include the effects of iron concentration, Ught, various inhibitors, and blade type. AB experiments were conducted in the defined artificial seawater Aquil. Iron uptake is light independent, energy dependent, and dependent on the reduction from Fe3" to Fe2 . Iron is concentrated in the sieve tube exudate; exudate analysis revealed the presence of other micronutrients. Iron and other micronutrient translocation is discussed.
Macrocystis sporophytes can reach 40 m in length. Blades absorb nutrients from seawater to support rapid growth primarily from their basal (frond producing) and apical (blade producing) meristems. Much is known about nitrogen and phosphorus uptake and translocation (8, 23, 24, 26) . The effect of blade morphology on water motion and thus on macronutrient uptake has been determined (26) . This paper presents some parameters of iron uptake and demonstrates the translocation of iron in Macrocystis pyrifera. This study includes the use of artificial media, Aquil, for the uptake experiments. The chemical species of iron present in seawater are poorly defined because of complex organic and inorganic interactions. Chemical speciation in Aquil is completely definable (16) .
MATERIALS AND METHODS
Culturing. Juvenile sporophytes of M. pyrifera (L.) C. Ag. (5 to 8 cm in length), cultured in flowing seawater from spores that had been attached to ropes, were preconditioned in offshore surface seawater renewed daily and supplemented with 20 AM NH4Cl and 2 tLM K2HPO4; the water was vigorously recirculated at 15 C in a 40-liter Plexiglas aquarium (18) . Plants were discarded when they attained their first secondary division. Microscopic examination of tissue reveale4 no algal or fungal contamination. Light intensity was maintained at 3 x I04 ergs-cm2.s-1 (Cool White fluorescent lamps (General Electric Co., Cleveland, OH)). Discs (diam. of 1.01 cm, total tissue area 1.602 cm2) were routinely cut 4 to 6 cm from the base of the blade even though iron uptake was found ' Funding was supplied through independent of distance from the blade base (14) . Discs were placed in aerated Aquil batch cultures for 16 h at 15 C before uptake experiments.
Adult Plant Material. Blades from adult sporophytes were obtained from Crystal Cove, Orange County, CA. They consisted of immature (1 m from apex), mature (3 m from apex), and senescing blades from a canopy frond. Three discs were cut from each blade 6 cm from base and placed in batch culture as described above. A canopy frond was collected off Main Beach in Laguna Beach, CA, on November 17, 1980 , for the STE2 labeling study. An adult plant (25 fronds) was collected at the latter site on December 8, 1980 , for the collection of STE.
Artificial Seawater. The artificial seawater used for preconditioning tissue discs and for uptake experiments was Morel's (16) Aquil, modified by Kuwabara as an optimal medium for M. pyrifera gametophytes (Table I) (11) . Iron:EDTA ratio was maintained for each Fe concentration used.
Uptake Experiments. Clean procedures were used to minimize contamination. Uptake experiments were performed in a hooded isolated area with clean and covered surfaces. All containers (linear polyethylene or polystyrene) for Aquil or diluted radionuclide were treated to prevent contamination from leaching (15) . Tissue discs were handled with Teflon forceps. Uptake experiments utilized 59Fe as FeCl2 in 0.5 N HCI, 13.6 mCi/mg Fe (ICN).
Discs from batch culture were transferred to 4 ml Fe-free Aquil for 5 min, then to 4 ml of stirred Aquil (pH 8.1, 10 to 12 C) of known total Fe containing 59Fe. Surface illumination was 1.3 x I04 ergs.cm-s-. After 10 min (within linearity, Fig. IA) , the tissue was dipped in 4 ml of 10 ,UM FeEDDHA in Aquil (wash solution), placed in a second 4 ml stirred wash solution (4 to 6 C) for 30 min (juvenile tissue) or 40 min (adult tissue) to remove >90%o free space iron (Fig. 1, A nM; x-x 10 min uptake followed by wash (l) to remove free space iron; (@-@) uptake after 30 min wash. B, adult blade tissue total Fe, 250 nm; 10 min uptake followed by wash (4) .
A second technique modified from the procedure of Gagne et aL (7) totally dissolved the tissue. Chemiluminescence and quenching from both techniques were similar. Tissue discs were pretreated with 0.5 ml H202 (30% v/v) at 50 C for 18 h followed by addition of 4 ml NCS at 50 C for 16 h in the dark. OCS (10 ml) was then added and the sample was counted. This second technique was employed to a limited extent in this study since it was learned of after the bulk of this work was completed. Advantages are apparent and the technique will be preferred for future studies. Radioactive solutions and STE were counted by liquid scintillation in Aquasol-2 cocktail (New England Nuclear). Quench correction was determined by ESCR. The maximum counting efficiency obtained was 88.8%.
RESULTS AND DISCUSSION
Labeled iron exchanged relatively slowly from the free space (Fig. 1, A and B) . Divalent metals were exchanged from the free space (>90%o) ofjuvenile tissue with 10 ,UM PbNO3 in Aquil in 20 min while a similar wash required 50 min to remove free space iron (14) . The slow exchangeability of iron may reflect the higher affinity of the cell wall and intercellular constituents, alginic acid and "fucoidan," for Fe3+. Mature Uptake inhibition by BPDS was immediate and drastic (Fig. 3 ). This effect had been initially described for soybeans and demonstrated the prereduction of Fe3+ prior to uptake (3). The formation of FeBPDS3 increased with time (Fig. 4) and demonstrated Fe3+ reduction by Macrocystis tissue. The addition of BPDS to cultures of Chlorella sorokiniana induced chlorosis, inhibited growth, and formed FeBPDS3 (20) . The reduction of Fe3+ before uptake appears to be a mechanism widely used in the plant kingdom.
The Fe2+ formed is in equilibrium with free EDTA and the carrier system (3) but may also be in equilibrium with free space polysaccharides of Macrocystis. Fucoidan from Ascophyllum nodosum has a high affinity for Fe2+ as compared with most of the other divalent metal ions (21) . The relative affinity of Fe2+ to alginic acid has not been determined although an affinity series for other divalent metal ions has been determined (9 pared to 1.83 pmol min-'-cm-2 for juvenile plant tissue. This pattern was similar to that seen for photosynthetic capacity (26) . Iron uptake in the light was not significantly different from that in the dark and was not significantly inhibited by DCMU (Fig.  3) . Immediate and complete inhibition of the Hill reaction did occur with the addition of DCMU (Table II) . Slight respiratory stimulation occurred with the addition of DNP (Table II) and is consistent with DNP acting as an uncoupler. The partial inhibition of iron uptake by DNP also occurred, increasing with time and with an increase in the DNP concentration (Fig. 3) . This effect is probably due to the direct action of DNP on the plasmalemma causing the depolarization of the potential difference across the membrane by shuttling protons across the membrane (6, 10) . The potential of the cytoplasm to the outside of a marine algal cell is approximately -100 mv (13) . This electrical potential may be greater than the opposing concentration gradient and, therefore, may be the driving force of Fe2+ uptake. Iron uptake would thus be described as passive but energy dependent.
Labeled iron was accumulated against a concentration gradient into the STE (Fig. 5) . The concentration of 59Fe in the STE eventually become 11-fold more concentrated than the initial solution concentration. The concentration of total iron in the STE was also far greater than that reported for seawater (Table III) . The need for iron translocation is not immediately evident because Macrocystis in the ocean presumably resides in a nutrient medium free of a vertical gradient of iron. Uptake apparently supplies more than enough iron for mature but not for juvenile fronds (Table IV) . Therefore, translocation to juvenile fronds may be necessary; that is, a source-sink relationship exists. Certain assumptions were made in order to generate (19) .
Net productivity values used (b in Table IV) were based on population averages while uptake rates represented optimal conditions. Individual and seasonal variations certainly exist, and net productivity would be higher under optimal conditions, leading to a lower uptake:assimilation ratio. The iron uptake rate of a frond increases at a faster rate with increased frond length than does the iron assimilation rate because the uptake rate is a function of frond surface area while the assimilation rate is a function of net productivity. Net productivity is defined in terms of fresh weight per day and should not be confused with photosynthetic or gross productivity. Gross productivity does not take into account loss due to respiration, translocation, or tissue damage (26) . As a frond grows, its net productivity can decrease and eventually cease while photosynthesis continues supplying material for translocation (17, 26) .
Iron translocated in the STE may be chelated with some organic compound. In higher plants, Fe2 is oxidized in the xylem and chelated with citrate in the plant fluid (2, 4 (27) . The binding and/or chelation of the other trace metal micronutrients in the STE may occur. The STE protein, being a polyelectrolyte, may be the important carrier.
